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Abstract
Plunk, Lindsay Lea. M.S. The University of Memphis. May 2014. Chemical and
Mineralogical Analysis of Varney Red-Filmed Ceramics from the Lower Mississippi
River Valley. Major Professor: Dr. Andrew Mickelson.
The purpose of this research is to examine Early Mississippian Red-Filmed
ceramics from three sites in the Lower Mississippi River Valley (Chickasawba Mound,
Shelby Forest, and Walnut Mound) using techniques of archaeometry, namely x-ray
diffraction (XRD) and thin-section petrography. The XRD technique revealed the
percent mineral composition of the sherds in bulk analysis and presence or absence of
minerals in the slip analysis. Petrographic results include the types of inclusions in each
sample, as well as mineral shape and size, and temper sorting and abundance. The red
nature of the slip appears to be due to very rounded iron-oxide nodules and other ironrich minerals. The data support a hypothesis that the people at each site were mostly
responsible for their own ceramic production, but a few items may have been exchange
goods.
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1. Introduction
The purpose of this research is to examine red-filmed ceramics from several sites in
the Lower Mississippi River Valley (Chickasawba Mound, Shelby Forest, and Walnut
Mound) using techniques of archaeometry, namely x-ray diffraction (XRD) and thinsection petrography. Regional sites are shown in Figure 1. Specifically, I examine redfilmed ceramic paste and slip composition among site locales.
Ceramics form an important component of Early Mississippian period material
assemblages, thus providing insight into subsistence patterns, social interaction, and
belief systems. Ceramic typologies are critical descriptive groups typically focused on
features such as raw material (i.e., clay and temper), manufacturing technique (i.e., coil,
paddle and anvil, molding, etc.), style, surface decoration, and function (Rice 1987).
Chemical and mineralogical data are also important for classifying ceramics into more
specific typological groups (Eerkens et al. 2002; Mainfort et al. 1997; Morse and Morse
1990a; Morse and Morse 1990b; Phillips 1970; Phillips et al. 1951; Stoltman and
Mainfort 2002). This research will focus on ceramics that have been typed as Varney
Red-Filmed ceramics, which are a common part of Early Mississippian assemblages in
the Lower Mississippi River Valley. No petrographic and mineralogical analyses
currently exist for Varney Red-Filmed ceramics in the region. Such analyses will be
helpful for determining ceramic composition, exchange patterns, ceramic material
resource access, and red slip origination.
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Figure 1. Location of sites within the region.
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Research Questions
How do the compositions of red-slipped ceramics vary between sites and within
sites? Were these ceramics being manufactured at one location and being distributed?
Or were the people at each site responsible for ceramic production? XRD and thinsection petrography were used to answer these questions.
Hypotheses
Three hypotheses in addition to the null hypothesis were tested in this study. The
null hypothesis (H0) is that given the available data, the research questions cannot be
answered. Unidentifiable minerals in the XRD data as well as unidentifiable features in
the thin sections would support this hypothesis.
The first hypothesis (H1) states that ceramics from all three sites are the same.
The ceramics were manufactured at one location and redistributed to people at other sites.
Identical XRD and thin section data would support this hypothesis, as well as similarities
in physical attributes, such as color and texture.
The second hypothesis (H2) states that ceramic compositions vary between sites.
The people at each site independently produced the ceramics. In order to confirm this
hypothesis, the XRD and thin section data should be the same within each site, but
different between each site.
The third hypothesis (H3) is that the people at each site produced some ceramics,
but some materials were exchange goods. If this hypothesis is true, the XRD and thin
section data would vary between sites and within sites.
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2. Background and Setting
Cultural Overview
The Early Mississippian period (A.D. 1000-1200) witnessed population growth
with many households and small communities appearing on the Southeastern North
American landscape (Hally and Mainfort 2004; Morse and Morse 1990a). Subsistence
practices shifted to intensive maize cultivation, although native cultigens remained
prevalent (Hally and Mainfort 2004). Platform mound construction was commonplace,
and mound complexes were occupied continuously as temples and residences of elites
and their supporters. Early Mississippian settlements were laid out using a measurement
system that highlighted important astronomical events, particularly solar equinoxes and
solstices (Hally and Mainfort 2004). Social organization was a chiefdom-level system.
Iconography of the Early Mississippian period appears to be directed by elites and
centered on agricultural production and reinforcing positions of sacred leadership (Hally
and Mainfort 2004).
Early Mississippian Ceramics
Early Mississippian ceramics encompass several temper types, vessel forms, and
surface decorations. Shell-tempered pottery is considered a clear indicator of Early
Mississippian sites (Griffin 1967; Hally and Mainfort 2004; Morse and Morse 1990a;
Phillips et al. 1951). Sand-tempered ceramic pastes were also common, along with grog(i.e., crushed ceramic) and limestone-tempered pastes (Hally and Mainfort 2004). Vessel
forms range from jars and salt pans to hooded water bottles and funnels (McNutt 2012).
Fabric impression and cord-marking were common surface treatments. Regional
typologies generally classify ceramic sherds and vessels into groups based on
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appendages, color, decoration, effigies, handles, hardness, rim form, surface finish,
temper, texture, thickness, and vessel form (McNutt 2012; Mainfort and Chapman 1994;
Morse and Morse 1990a; Morse and Morse 1990b; Phillips 1970; Phillips et al. 1951).
Early Mississippian typologies include Baldwin Plain, Baytown Plain, Coles Creek
Incised, Coles Creek Polished Plain, Mississippi Plain, Mulberry Creek Cord Marked,
Powell Plain, Varney Red-Filmed, and Wheeler Creek Stamped.
Stephen Williams defined Varney Red-Filmed, the subject of this research, in his
1954 dissertation entitled An Archeological Study of the Mississippian Culture in
Southeast Missouri (Williams 1954). This type of Early Mississippian ceramics is red
clay slipped, applied without lines, shell-tempered, and has no addition of sand in the
coarse, thick paste. The ceramics are generally large, simple pans, small to large globular
jars and bowls, and hooded bottles. Williams defined this ceramic type at the Old Varney
River site in southeastern Missouri seen in Figure 2.
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Figure 2. Location of the Old Varney River site (United States Geological Survey
1988b).

Sampled Sites
The Shelby Forest site (40SY489) is located in Meeman-Shelby Forest State Park
about 24 km north of Memphis, Tennessee as seen in Figure 3 (McNutt 2012). The site
is situated at the edge of a wide bottomland that extends from the base of the Chickasaw
Bluffs to the cut-bank of the Mississippi River. Excavations were conducted in 1987 by
Eda Fain, a University of Memphis graduate student, under the supervision of Dr. Charles
H. McNutt. The Tennessee Division of Archaeology conducted more extensive
excavations at a later date. Radiocarbon dates represent a mean age of A.D. 1090,
indicating an Early Mississippian occupation of the site. Fain and McNutt recovered 640
ceramic sherds, 442 of which are described as shell-tempered Varney Red-Filmed. The
remaining sherds are classified as shell-tempered Mississippi Plain, clay-tempered
6

Figure 3. Location of the Shelby Forest site (40SY489) (United States Geological
Survey 1987 and 1988a).

Baytown Plain, Mulberry Creek Cord Marked, Wheeler Check Stamped, and Coles Creek
Incised, and sand-tempered Baldwin Plain.
Walnut Mound (3MS2) is located about 11 km south of Manila, Arkansas on the
right hand chute of the Little River as shown in Figure 4. Several excavations and
surface collections have been conducted at the site; the University of Alabama conducted
the first in 1932 (Lafferty 2001). The site consists of three knolls that appear to be house
or platform mounds (Hawkins 1967). Artifacts from Walnut Mound suggest the site was
occupied from the Late Woodland through Middle Mississippian periods (Cochran et al.
1980). The most common ceramic sherds from the site are Varney Red-Filmed, Bell
Plain, Rhodes Incised, Parkin Punctate, Mississippi Plain, and Barnes Cord-marked
(Akridge 1988).
7

Figure 4. Location of the Walnut Mound site (3MS2) (United States Geological Survey
1983).

Chickasawba Mound (3MS5) is located approximately 0.8 km west of
Blytheville, Arkansas overlooking Pemiscot Bayou as seen in Figure 5. The site contains
one large mound (Haynes 1978), but two others appear to have been plowed down by
agricultural activities. Numerous surface collections have been made at Chickasawba
Mound. Artifacts from the site suggest an occupation from the Late Woodland through
protohistoric periods (Cochran 1979; Lafferty and Haynes 1997). Typed ceramics
include Varney Red-Filmed, Mississippi Plain, Barnes Plain and Cord-marked, Baytown
Plain, Bell Plain, and Parkin Punctate (Lafferty and Haynes 1997; Wall 1999).
Environmental Background
The three sampled sites lie within the United States Environmental Protection
Agency’s (2013) Mississippi Alluvial Plain ecoregion. This region extends from
8

Figure 5. Location of the Chickasawba site (3MS5) (United States Geological Survey
1974).

southern Illinois, at the confluence of the Ohio and Mississippi Rivers, to the Gulf of
Mexico. The Mississippi Alluvial Plain is “mostly a broad, flat alluvial plain with river
terraces, swales, and levees providing the main elements of relief. Soils are typically
finer-textured and more poorly drained” (United States Environmental Protection Agency
2013) than surrounding upland soils. In general, winters are considered mild and
summers hot. “Bottomland deciduous forest vegetation covered the region before much
of it was cleared for cultivation” (United States Environmental Protection Agency 2013).
Previous Studies
Few regional studies exist for petrographic ceramic analysis. Ceramic sherds
from Pinson Mounds have been subject to petrographic analysis to find the exact temper
type for the samples and to address issues of ceramic production and exchange (Mainfort
9

et al. 1997; Stoltman and Mainfort 2002). Weaver (1963) used petrography to study the
paste types and inclusions of Tchula ceramics from Belzoni, Mississippi in the Lower
Mississippi River Valley. Petrography has also been used to study the temper of
Midwestern ceramics (Porter 1965) as well as the source of a foreign pottery vessel from
Cahokia (Bareis and Porter 1965).
XRD analysis has been used sparingly in the region. Weymouth (1973) used
XRD to group prehistoric ceramics from Missouri and Iowa by temper type. XRD
analysis has been used to a somewhat larger extent in other areas. Simms et al. (1997)
used XRD to characterize ceramic temper from samples in the Great Basin as a means to
test residential mobility patterns and manufacturing sources. XRD analyses have been
used to characterize ceramics from Nicaragua, Lithuania, and Mexico (Brooks 2012).
XRD has been used for sourcing studies in the Upper Mississippi River Valley. Roeglin
et al. (2013) used the method to test the single source theory for ceramics from the
Oneota culture in La Crosse, Wisconsin.
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3. Methods
Sample Selection
Five sherds were chosen from each site (Chickasawba, Shelby Forest, and Walnut
Mound). The samples from Chickasawba and Walnut Mound were obtained from the
collections at the Blytheville station of the Arkansas Archaeological Survey and the
Shelby Forest sherds were obtained from the collections at the C.H. Nash Museum at
Chucalissa. Samples were chosen that had previously been typed as Varney Red-Filmed
sherds according to the traditional typology and that showed the least amount of
variation.
Sample Preparation and Processing
Initially, samples were photographed as seen in Figures 6-8 and described.
Descriptions included weight, length, width, thickness, and color of both the slip and
non-slipped surfaces. Samples were then cut in half with a wet saw. One half of each
sherd was sent to Applied Petrographic Services, Inc. for thin section preparation. The
other half of each sherd was prepared for XRD analysis. For the semi-quantitative bulk
XRD analysis, a portion of each sherd was broken off and crushed in a mortar and pestle.
This sample was then processed in a Pulverisette. The mortar and pestle and Pulverisette
were cleaned with quartz sand from the Upland Complex between each sample.
Approximately 0.9 g of each ceramic sample was added to approximately 0.1 g of cerium
oxide (CeO2). For the XRD analysis of the slip, a portion of the slip was removed by a
Dremel tool. This process was completed as carefully as possible so as to only remove
the slip surface. The samples were then processed through the XRD instrument at the
University of Memphis. For the bulk analysis, the powdered samples were
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Figure 6. Photographs of ceramic sherds from Walnut Mound: (a) Sample 1; (b) Sample 2; (c)
Sample 3; (d) Sample 4; (e) Sample 5.
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Figure 7. Photographs of ceramic sherds from Chickasawba Mound: (a) Sample 6; (b) Sample 7; (c)
Sample 8; (d) Sample 9; (e) Sample 10.
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Figure 8. Photographs of ceramic sherds from Shelby Forest: (a) Sample11; (b) Sample 12; (c)
Sample 13; (d) Sample 14; (e) Sample 15.
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mounted on a slide. High vacuum grease was added to the powdered slip samples and
mounted on a slide. Data was captured with the XRD Commander program and was
analyzed with the EVA software program. To calculate the percentages of minerals
present in the bulk analysis, the EVA data was processed in Microsoft Excel. Once the
thin sections arrived, they were analyzed with a light polarizing microscope at the
University of Memphis. Photographs were taken of select features.
XRD
XRD yields mineralogical identification via the crystalline structure of a material
(Garrison 2003; Pollard et al. 2007; Rice 1987). A sample in either solid or powdered
form is bombarded with x-rays of a specific wavelength and a portion of those x-rays is
diffracted at a characteristic angle for given crystallographic distances within the lattice
structure. Different minerals exhibit distinct diffraction maxima due to inter-atomic
distances in the lattice and arrangement of atoms within the crystalline structure. The
diffraction process satisfies the Bragg equation (n = 2d sin ), which states that for
maximum diffraction intensity the difference between the paths of the rays must be a
whole number (n) of wavelengths ( ) (Rice 1987). For unknown minerals, the Bragg
equation is solved for inter-planar spacing (d) from the observation of maximum
intensities at particular measured angles of diffraction ( ) and knowledge of the
wavelength. The method can identify the quantity of mineral or other crystalline phases
comprising a significant part (generally >5%) of the sample when a known amount of
material (such as CeO2) is added to the sample. XRD is used in my study to determine the
types of minerals present in Varney Red-Filmed ceramics, both in the slip and whole
sherd.
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Petrography
Ceramics can be thought of as metamorphosed sedimentary rocks that can be
studied with a polarizing microscope in thin-section and using a variety of analytical
chemical techniques (Garrison 2003; Peterson 2009; Pollard et al. 2007; Rice 1987).
Petrography can show the nature and characteristics of non-plastic inclusions, textural
and optical properties of the clay matrix, shape, quantity, and orientation of voids, and the
relationship between the body of the ceramic material and the surface. Optical properties
of ceramics are observed when plane-polarized or cross-polarized light passes through
them (Garrison 2003; Peterson 2009; Rice 1987). Minerals can be identified from their
unique set of optical properties in both plane-polarized and cross-polarized light. Optical
properties of mineral temper observed under plane-polarized light include color,
pleochroism, refractive index, relief, and cleavage (Garrison 2003; Rice 1987). Optical
properties observed under cross-polarized light include extinction, birefringence,
interference colors, and twinning. Petrography also provides information on non-mineral
properties such as temper abundance relative to paste, temper size, shape, and sorting,
presence or absence of a slip, and firing conditions (i.e., oxidizing or reducing).
Petrography is used in this study to differentiate the types of minerals and temper within
the sherds and to distinguish if the Varney Red-Filmed ceramics differ mineralogically
and texturally between site locales.
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4. Results
Physical Descriptions
Each ceramic sherd was given a sample number that was used throughout the
analysis. Physical descriptions were tabulated as shown in Table 1. Colors varied within
and between sites. Sample 10 (from Chickasawba) had two different colors of red slip.
Other than that, nothing appears noteworthy from the physical descriptions.
XRD
XRD revealed the percent mineral composition of the sherds in bulk analysis and
presence or absence of minerals in the slip analysis. These results were tabulated.
Significant observations are included below.
Bulk Analysis. Bulk analysis of the sherds gave the percent compositions of
minerals in each sample as seen in Figure 9, Table 2, and Appendix A. Most notably, the
five samples from Shelby Forest and one sample from Chickasawba do not contain
calcium carbonate (shell). Petrography further explores this difference. Calcium
magnesium carbonate is absent from all of the samples at Walnut Mound and one sample
at Chickasawba. One sample from Chickasawba and one sample from Shelby Forest
contain siderite (iron-bearing). The samples from Shelby Forest contain more quartz than
the samples from Walnut Mound and Chickasawba. Four samples from Shelby Forest
and one sample from Chickasawba contain hematite (iron-bearing). Percentages of
ferrihydrite (iron-bearing), albite, goethite (iron-bearing), muscovite, and orthoclase do
not show much variability between and within sites.
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Table 1. Summary of ceramic descriptions.
Sample #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Site #
3MS2
3MS2
3MS2
3MS2
3MS2
3MS5
3MS5
3MS5
3MS5
3MS5
40SY489
40SY489
40SY489
40SY489
40SY489

Color (Red Slip)
10R4/4
2.5YR4/6
7.5YR5/6
2.5YR5/6
10R5/6
10R4/6
10R3/3
10R5/6
10YR5/6
10YR5/6 and 5YR5/6
7.5YR5/6
2.5YR5/6
10R3/4
10R3/3
10R4/3

Weight (g)
16.13
33.87
32.83
30.18
22.96
25.48
22.86
41.72
15.12
11.25
8.76
7.31
13.07
11.24
8.16
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Length (mm)
43.79
54.81
77.96
76.63
70.33
20.67-47.67
44.03-49.67
67.50
47.22
41.32
48.16
22.97-38.37
54.03
30.62-40.44
43.24

Width (mm)
43.21
42.57-56.31
40.19
47.63
26.49-42.23
10.82-58.43
32.83
53.33
20.20-34.18
26.59
28.87-37.95
10.29-38.10
22.50-47.27
35.83
40.00

Thickness (mm)
6.48
8.21
8.21
9.16
8.44
9.74
11.13
8.76
9.00
8.14
5.34
5.62
6.05
7.09
3.96

Figure 9. A typical example of a XRD bulk analysis spectra (Sample 1). G=Goethite, A=Albite,
O=Orthoclase, F=Ferrihydrite, M=Muscovite.
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Table 2. XRD Bulk Analysis, % Compositions.
Sample
#

Site #

1
3MS2
2
3MS2
3
3MS2
4
3MS2
5
3MS2
6
3MS5
7
3MS5
8
3MS5
9
3MS5
10
3MS5
11
40SY489
12
40SY489
13
40SY489
14
40SY489
15
40SY489
ND=not detected

Albite

Calcium
Carbonate

2
4
4
5
3
3
1
2
2
2
4
2
3
4
4

47
50
48
25
30
42
63
71
ND
23
ND
ND
ND
ND
ND

Calcium
Ferri- Goethite
Magnesium hydrite
Carbonate
ND
1
1
ND
1
1
ND
<1
<1
ND
1
1
ND
2
1
4
2
2
5
2
1
4
<1
1
ND
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
<1
1
11
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Hematite
ND
ND
ND
ND
ND
ND
ND
ND
2
ND
ND
2
1
1
1

Muscovite Orthoclase Quartz

2
2
1
2
1
1
1
2
1
2
2
2
2
2
3

2
2
1
3
4
3
2
2
4
4
3
5
4
4
4

45
39
45
63
61
42
25
19
89
64
86
87
86
85
76

Siderite

ND
ND
ND
ND
ND
2
ND
ND
ND
ND
2
ND
ND
ND
ND

Slip Analysis. The XRD slip analysis revealed the presence or absence of
minerals in the slip of each sample as seen in Table 3 and Appendix B. Both colors of
slip on Sample 10 (from Chickasawba) were analyzed. All samples contain albite,
goethite (iron-bearing), lepidocrocite (iron-bearing), and quartz. As was seen in the bulk
analysis, all of the Shelby Forest samples and one Chickasawba sample do not contain
calcium carbonate. One Shelby Forest and one Chickasawba sample do not contain
ferrihydrite (iron-bearing). One Walnut Mound and two Chickasawba samples do not
contain hematite (iron-bearing).
Petrography
Petrographic results include the types of inclusions in each sample, as well as
mineral shape and size, and temper sorting and abundance. Temper abundance, size,
sorting, and shape of each sample is presented in Table 4. Information was also gathered
about the slip of each sample. A petrographic description of the inclusions and slip of
each sample is provided below. Figures 10-12 are photographs of typical thin sections
from each site. Thin section photos of each sample can be found in Appendix C.
Sample 1. Sample 1 contains shell (0.1-1.0 mm), feldspar (0.02-0.3 mm), quartz
(0.02-0.3 mm), small sandstone inclusions, and iron oxide nodules. The slip contains
finer clay than the body matrix and the slip grains are oriented parallel to the slip surface.
Sample 2. Sample 2 contains shell (0.1-1.0 mm), feldspar (0.02-0.3 mm), quartz
(0.02-0.2 mm), small sandstone inclusions, and iron oxide nodules. The slip contains
finer clay than the body matrix and the slip grains are oriented parallel to the slip surface.
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Table 3. XRD Slip Analysis, Mineral Presence or Absence.
Sample #

Site #

Albite

1
2
3
4
5
6
7
8
9
10a
10b
11
12
13
14
15
y=yes; n=no

3MS2
3MS2
3MS2
3MS2
3MS2
3MS5
3MS5
3MS5
3MS5
3MS5
3MS5
40SY489
40SY489
40SY489
40SY489
40SY489

y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y

Calcium
Carbonate
y
y
y
y
y
y
y
y
n
y
y
n
n
n
n
n

Ferrihydrite

Goethite

Hematite

Lepidocrocite

Quartz

y
y
y
y
y
y
y
y
n
y
y
n
y
y
y
y

y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y

y
y
n
y
y
y
n
y
y
y
n
y
y
y
y
y

y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y

y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
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Table 4. Petrographic Analysis.
Sample

Site #

1

3MS2

Temper
Abundance
Abundant

Temper Size

Very Fine to
Coarse
2
3MS2
Abundant
Very Fine to
Coarse
3
3MS2
Abundant
Very Fine to
Very Coarse
4
3MS2
Abundant
Very Fine to
Very Coarse
5
3MS2
Abundant
Very Fine to
Very Coarse
6
3MS5
Abundant
Very Fine to
Very Coarse
7
3MS5
Abundant
Very Fine to
Very Coarse
8
3MS5
Abundant
Very Fine to
Very Coarse
9
3MS5
Abundant
Very Fine to
Coarse
10
3MS5
Abundant
Very Fine to
Coarse
11
40SY489 Abundant Coarse to Very
Coarse
12
40SY489 Abundant
Medium to
Very Coarse
13
40SY489 Abundant
Very Fine to
Very Coarse
14
40SY489 Abundant
Very Fine to
Very Coarse
15
40SY489 Abundant
Very Fine to
Very Coarse
Abundant=25-50%; Mod.=Moderately
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Temper
Sorting
Mod. Sorted
Mod. Sorted
Mod. Sorted
Mod. Sorted
Mod. Sorted
Mod. Sorted
Mod. Sorted
Mod. Sorted
Mod. Sorted
Mod. Sorted to
Well Sorted
Mod. Sorted
Poorly Sorted
to Mod. Sorted
Mod. Sorted
Mod. Sorted
Mod. Sorted

Temper Shape
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded
Sub Angular to
Rounded

Figure 10. A typical thin section from Walnut Mound
(Sample 1: 100x magnification, plane-polarized light). Ashell, B-iron oxide.

Figure 11. A typical thin section from Chickasawba
(Sample 10: 100x magnification, plane-polarized light). Ashell.
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Figure 12. A typical thin section from Shelby Forest
(Sample 14: 40x magnification, plane-polarized light). Ashell void.

Sample 3. Sample 3 contains shell (0.1-1.2 mm), feldspar (0.02-0.3 mm), quartz
(0.02-0.3 mm), and iron oxide nodules. The slip contains finer clay than the body matrix
and the slip grains are oriented parallel to the slip surface.
Sample 4. Sample 4 contains shell (0.1-1.2 mm), feldspar (0.02-0.2 mm), quartz
(0.02-0.2 mm), and iron oxide nodules. The slip contains finer clay than the body matrix
and the slip grains are oriented mostly parallel to the slip surface.
Sample 5. Sample 5 contains shell (0.1-1.5 mm), feldspar (0.02-0.3 mm), quartz
(0.02-0.4 mm), and iron oxide nodules. The slip contains finer clay than the body matrix
and the slip grains are oriented parallel to the slip surface.
Sample 6. Sample 6 contains shell (0.1-2.0 mm), feldspar (0.02-0.4 mm), quartz
(0.02-0.4 mm), and iron oxide nodules. The slip contains finer clay than the body matrix
and the slip grains are oriented parallel to the slip surface.
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Sample 7. Sample 7 contains shell (0.1-2.0 mm), feldspar (0.02-0.4 mm), quartz
(0.02-0.4 mm), and iron oxide nodules. The slip contains finer clay than the body matrix
and the slip grains are parallel to the slip surface.
Sample 8. Sample 8 contains shell (0.1-2.0 mm), feldspar (0.02-0.4 mm), quartz
(0.01-0.4 mm), and iron oxide nodules. The slip contains finer clay than the body matrix
and the slip grains are parallel to the slip surface.
Sample 9. Sample 9 contains feldspar (0.01-0.3 mm), quartz (0.01-0.3 mm), iron
oxide nodules, and shell voids (0.1-1.0 mm). The slip contains finer clay than the body
matrix and the slip grains are parallel to the slip surface.
Sample 10. Sample 10 contains shell (0.1-0.5 mm), feldspar (0.02-0.1 mm),
quartz (0.02-0.1 mm), and iron oxide nodules. The slip contains finer clay than the body
matrix and the slip grains are parallel to the slip surface. This slip appears to contain
more iron oxide nodules than the other samples.
Sample 11. Sample 11 contains feldspar (0.04-0.2 mm), quartz (0.04-0.2 mm),
small sandstone inclusions, iron oxide nodules, and shell voids (0.5-2.0 mm). The slip
contains finer clay than the body matrix and the slip grains are parallel to the slip surface.
Sample 12. Sample 12 contains feldspar (0.1-0.3 mm), quartz (0.1-0.3 mm), iron
oxide nodules, and shell voids (0.3-2.0 mm). The slip contains finer clay than the body
matrix and the slip grains are parallel to the slip surface.
Sample 13. Sample 13 contains feldspar (0.05-0.3 mm), quartz (0.05-0.3 mm),
iron oxide nodules, and shell voids (0.1-2.5 mm). The slip contains finer clay than the
body matrix and the slip grains are parallel to the slip surface.
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Sample 14. Sample 14 contains feldspar (0.03-0.2 mm), quartz (0.03-0.2 mm),
and shell voids (0.1-2.5 mm). The slip contains finer clay than the body matrix and the
slip grains are parallel to the slip surface.
Sample 15. Sample 15 contains feldspar (0.03-0.2 mm), quartz (0.03-0.2 mm),
iron oxide nodules, and shell voids (0.1-3.0 mm). The slip contains finer clay than the
body matrix and the slip grains are parallel to the slip surface.
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5. Analysis and Discussion
Given the results of this study, the four hypotheses from Chapter 1 are now
evaluated. H0 stated that the research questions could not be answered. The data refutes
this hypothesis. The XRD technique provided quantitative and qualitative data with
identifiable minerals for each sample as seen in Tables 2 and 3. Features were also
identifiable within each thin section as shown in Table 4. Physical attributes were also
distinguishable for each sample as seen in Table 1.
H1 stated that all of the ceramics from the three sites were the same and that all
ceramic vessels were manufactured at one location and distributed to people at other
sites. The data also refute this hypothesis. The XRD and petrography data are not
identical for each sample as seen in Tables 2 through 4. The physical attributes of each
sample are also not identical to one another as shown in Table 1. Most notably, all of the
samples from Walnut Mound and four samples from Chickasawba contain calcium
carbonate, while the remaining samples contain calcium carbonate voids. These voids
probably exist due to higher firing temperatures or weathering. Typical firing
temperatures range from 800 to 1000 F. The Shelby Forest samples contain more quartz
than the samples from Walnut Mound and Chickasawba.
H2 stated that ceramic compositions vary between sites and that the people at each
site independently produced their own vessels. This hypothesis is also refuted. The XRD
and petrography data is not the same at each site as shown in Tables 2 through 4. The
ceramic colors are not consistent at each site as seen in Table 1. The XRD bulk analysis
shows that all five of the samples from Walnut Mound and one of the samples from
Chickasawba do not contain calcium magnesium carbonate, while all of the samples at
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Shelby Forest do contain this mineral. One sample from Chickasawba and Walnut
Mound contain the iron-bearing mineral siderite. Four samples from Shelby Forest and
one sample from Chickasawba contain the iron-bearing mineral hematite. The slip
analysis shows that one sample from Shelby Forest and one sample from Chickasawba
contain the iron-bearing mineral ferrihydrite. One Walnut Mound sample and two
Chickasawba samples contain hematite. The calcium carbonate data mentioned above
also helps to refute this hypothesis.
H3 stated that the people at each site produced some ceramics, but some materials
were exchange goods. The data support this hypothesis. The data vary between and
within sites as shown in Tables 1 through 4. The ceramic colors and thicknesses and
mineral types and amounts are not consistent at each site or between each site. The
samples from Chickasawba are the best example of this hypothesis. Four of the samples
contain calcium carbonate like the samples from Walnut Mound, while the other sample
contains voids like those samples from Shelby Forest. The amount of the iron-bearing
minerals siderite, hematite, ferrihydrite, muscovite, and goethite vary within each site
suggesting different source materials for different vessels.
The data from this research support a hypothesis that the people at each site
produced some ceramics, but some items were exchange goods. The ceramics from
Walnut Mound and Shelby Forest could possibly have been produced at each site, but the
possibility of exchange goods cannot be ruled out due to the varying amounts and types
of minerals. However, at least one of the ceramic samples from Chickasawba appears to
be an exchange good. The mineralogy of the sample that contains calcium carbonate
voids appears similar to that of the Shelby Forest samples. The petrographic analysis
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reveals that the red nature of the slip appears to be due to iron oxide nodules that appear
near the edges of the samples.
Potential Problems
There are several potential problems with this research. First and foremost,
although all of the samples were previously typed as Varney Red-Filmed, it is likely that
some of the samples were incorrectly typed. Second, user error is likely with the XRD
bulk and slip analyses, as well as with the measurements of the samples. Identifying the
slip colors of the samples is a subjective process. The small sample size could also
present errors in this research.
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6. Conclusions and Future Research Directions
Results of this study provide a glimpse into the complexity of early Mississippian
exchange patterns, ceramic material resource access, and matrix and slip composition.
XRD and petrography provide evidence that the red nature of the slip is due to the
inclusion of iron-rich nodules. The data support a hypothesis that most communities
produced their own ceramic materials, although a few items may have been exchange
goods.
Ongoing research of early Mississippian ceramics from the Lower Mississippi
River Valley will continue to provide more information on the nature of ceramic
production, along with subsistence patterns, social interaction, and belief systems. The
XRD and petrography analysis provided here has shown to be successful in identifying
ceramic compositions and is a good starting point for future regional work on Varney
Red-Filmed ceramics, as well as other ceramic types. These two techniques have proved
to provide the necessary data for studying ceramic composition between and within sites.
Other techniques, such as x-ray fluorescence (XRF), instrumental neutron activation
analysis (INAA), inductively coupled plasma-mass spectrometry (ICP-MS), laser
ablation ICP-MS, multi-collector ICP-MS, and Fourier transform infrared spectroscopy
(FTIR), could further provide compositional data, as well as source data for early
Mississippian ceramic assemblages. As more work is done, the complexity of the
Mississippian world will come to light.
There is a lack of compositional ceramic analysis from the region. This work has
barely scratched the surface on understanding regional ceramic composition, much less
exchange patterns and ceramic material resource access. Ceramic assemblages from
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larger sites, such as Zebree and Cahokia, need to be reassessed. A comparative study of
ceramic compositions of sites with Varney Red-Filmed sherds would be helpful for
understanding the production of these ceramics and the likelihood of exchange between
Early Mississippian communities. Compositional analyses of other regional ceramic
types would provide more information on the nature of prehistoric ceramics and the
people who utilized them. Non-destructive whole sherd XRD analysis was performed on
the research samples, but did not provide the necessary data. Other non-destructive
analyses via XRF and FTIR could provide future data on ceramic compositions.
This research shows that the people at Walnut Mound, Chickasawba, and Shelby
Forest most likely independently produced their own red-filmed ceramics. An exchange
network of red-filmed ceramics and other goods likely existed within the Lower
Mississippi River Valley. Further research will help further explain the sources for these
ceramics, as well as the exchange networks within the area.
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Appendix A. Bulk XRD Spectra
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Appendix B. Slip XRD Spectra
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Appendix C. Thin Section Photographs
Note: All photographs are at 40x magnification and in plane-polarized light.

Figure 1. Sample 1 (3MS2).

Figure 2. Sample 2 (3MS2).
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Figure 3. Sample 3 (3MS2).

Figure 4. Sample 4 (3MS2).
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Figure 5. Sample 5 (3MS2).

Figure 6. Sample 6 (3MS5).
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Figure 7. Sample 7 (3MS5).

Figure 8. Sample 8 (3MS5).
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Figure 9. Sample 9 (3MS5).

Figure 10. Sample 10 (3MS5).
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Figure 11. Sample 11 (40SY489).

Figure 12. Sample 12 (40SY489).
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Figure 13. Sample 13 (40SY489).

Figure 14. Sample 14 (40SY489).
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Figure 15. Sample 15 (40SY489).
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